Introduction {#section5-2050312119865126}
============

Demographic aging has been the topic of several studies because of its impact on various aspects of today's society. From the standpoint of the Health Sciences, there is a strong relationship between healthy life habits, diet, active social life, and the practice of regular physical activity with a successful aging process.^[@bibr1-2050312119865126]^

Despite the worldwide aging of the population, the prevalence of centenarians is very low (approximately 1 in 10,000 persons) and, consequently, the traditional population sampling methods are difficult to apply in the study of centenarians and are inviable for the obtention of large samples.^[@bibr2-2050312119865126]^

Survival during extremely advanced age is more influenced by variables related to functional and nutritional status than by variables representing risk factors for age-associated chronic diseases.^[@bibr3-2050312119865126]^ Centenarians are a poorly studied population group. Understanding the changes in body composition associated with aging and their effects is extremely important for the healthcare and nutritional support of the older population.^[@bibr4-2050312119865126]^

With the increase in the number of older people and, consequently, centenarians, the search for methods that can identify changes in body composition in a practical and easy way in clinical practice is fundamental.^[@bibr5-2050312119865126]^ We know that the methods presently available are imprecise and have both advantages and disadvantages. In centenarians, this may be even more critical, as there are no adequate references for this age group.

Several methods are available for the assessment of body composition; among them, deuterium oxide dilution is highly accurate and precise and is considered to be the gold standard for the determination of total body water. In addition, it is minimally invasive and can be used in any clinical situation.^[@bibr6-2050312119865126]^ Dual X-ray absorptiometry (DXA) assessment is considered to be a reference method for the evaluation of body composition.^[@bibr7-2050312119865126]^ However, it is often difficult to take centenarians to the reference center for the realization of the DXA, due to difficulties of locomotion.

Bioelectrical impedance analysis (BIA) is a widely used method, but it has limitations related to quantification of total body water.^[@bibr5-2050312119865126]^ BIA overestimates lean mass (LM)^[@bibr8-2050312119865126]^ and underestimates fat mass (FM) in lean subjects.

In view of the above considerations, the objective of this study was to assess the body composition of centenarian women using deuterium oxide dilution and to compare the results with those obtained by more easily accessible and low-cost methods as anthropometry and BIA. The hypothesis was that these simpler methods would be accurate and therefore useful for clinical practice in this special population.

Methods and materials {#section6-2050312119865126}
=====================

An exploratory cross-sectional study was conducted on centenarian women residing in a medium-sized city in Brazil (Ribeirão Preto, State of São Paulo). The study was approved by the local Research Ethics Committee (HCFMRP USP) on 9 April 2012 (protocol no. 9032012).

Inclusion and exclusion criteria {#section7-2050312119865126}
--------------------------------

The centenarians were selected using the database of the Health Secretary Office of the Municipality of the city. The families were first contacted by telephone in order to authorize and schedule a home visit. The criteria for inclusion were being 100 years old or above and living in the city of Ribeirão Preto. The age was proven by the presentation of a birth or marriage certificate or general registration. The subjects were assessed at home in view of restricted mobility being present in many cases. All subjects and/or the persons responsible for them gave written informed consent to participate in the study. Some study subjects had no decisional capacity to provide informed consent because of very low cognitive status (eight women with advanced dementia). In those cases, the persons responsible for them agreed to their participation and this option was authorized by the Research Ethics Committee. Centenarians with acute diseases within 30 days before the clinical evaluation were excluded from the study. The clinical evaluation was performed by a geriatrician.

A convenience sample was used, since the goal was to study as many centenarian women as possible. The study involved a representative sample of the centenarians residing in a city with about 600,000 inhabitants (24 of the 58 identified in the 2010 census, 7.2% of the individuals aged 65 years or above^[@bibr9-2050312119865126]^).

Anthropometry {#section8-2050312119865126}
-------------

The following anthropometric measurements were obtained: weight, height, waist circumference (WC), hip circumference (HC), calf circumference (CC), and arm circumference (AC) of the dominant arm.

For weight determination, the subjects were instructed to wear light clothing and no shoes and were examined preferably under fasting conditions and with an empty bladder (in the morning). A digital scale with a capacity of 180 kg (Model Glass 3; G-Tech, Sao Paulo, Brazil) was used for weight measurement.

The weight of disabled women was estimated using the Chumlea equations, which require several anthropometric measurements^[@bibr10-2050312119865126]^

$$\begin{array}{l}
{{Weight}\ {({kg})} = {({1.27 \times {CC}})} + {({0.87 \times {knee}\ {height}})} +} \\
{{({0.98 \times {AC}})} + {({0.4 \times {subscapular}\ {skinfold}})} - 62.35} \\
\end{array}$$

Height was measured with the subjects barefoot, standing erect, and looking at the horizon. Body height was measured as the distance between the vertex and the plantar region. The stadiometer used for the measurements was an inextensible vertical bar with 0.5 cm graduation marks. For bedridden subjects, height was estimated starting at knee height, as proposed by Chumlea et al.^[@bibr10-2050312119865126]^

$${Height}\ {({cm})} = {({1.83 \times {knee}\ {height}})} - {({0.24 \times {age}})} + 84.88$$

Body mass index (BMI) was calculated as weight/height^[@bibr2-2050312119865126]^ (BMI = kg/m^2^) and was classified according to the stratifications proposed by Lipschitz,^[@bibr11-2050312119865126]^ where values below 22 kg/m^2^ indicate underweight and the range between 24 and 29 kg/m^2^ indicates eutrophy.

The circumferences were measured using a 200-cm-long flexible and inextensible anthropometric tape with accuracy to one decimal place (Sanny, American Medical do Brasil Ltd, Sao Paulo, Brazil). The 50th percentile values obtained in the Brazilian SABE (Health, Well-Being, and Aging) survey were adopted as reference values.^[@bibr12-2050312119865126]^

### WC and HC {#section9-2050312119865126}

WC was measured at the smallest diameter between the iliac crest and the last floating rib, which is the narrowest part of the trunk, and HC was measured at the maximum diameter of the buttocks.^[@bibr13-2050312119865126]^

### AC {#section10-2050312119865126}

AC was determined with the subject in the sitting position and the arm hanging loosely at her side, at the mid-portion of the arm between the elbow and the shoulder.^[@bibr13-2050312119865126]^

### CC {#section11-2050312119865126}

CC was determined with the subject standing up (when possible) with the feet apart in such a way that body weight would be equally distributed on each foot. An inextensible tape was used to measure the largest circumference of the calf.^[@bibr14-2050312119865126]^

The three methods for the assessment of body composition (skinfolds, BIA, and deuterium oxide method) were applied on the same day.

Skinfolds {#section12-2050312119865126}
---------

The skinfolds were measured using a Lange adipometer (Santa Cruz, CA, USA) with a 0--60 mm scale and a ±1 mm precision, on the right side of the body. The sites assessed were biceps, triceps, subscapular, suprailiac, and thigh according to the 1988 standardization of Lohman et al.^[@bibr14-2050312119865126]^ The National Health and Nutrition Examination Survey (NHANES) 50th percentile up to 74.9 years was adopted as reference to skinfolds.^[@bibr15-2050312119865126]^

Each skinfold was measured in triplicate and the mean value was calculated. Body density was calculated using the following equations:

1.  Jackson and Pollock equation^[@bibr16-2050312119865126]^

$$\begin{array}{l}
{{Body}\ {density}\ {({g/{mL}})} = 1.0904921 -} \\
{0.0009929{({S\ 3\ {folds}*})} + 0.0000023{({S\ 3\ {folds}*})}\ 2 -} \\
{0.0001392{({age})}} \\
\end{array}$$

\*Skinfolds (triceps + suprailiac + thigh)

1.  2. Durnin and Womersley equation^[@bibr17-2050312119865126]^

$${Body}\ {density}\ {({g/{mL}})} = 1.1339 - 0.0645{({\log\ S\ 4\ {folds}**})}$$

\*\*Skinfolds (triceps + biceps + subscapular + suprailiac).

The Siri equation^[@bibr18-2050312119865126]^ was used to determine the percentage of body fat (%BF) in the two equations

$$\%{BF} = {({495/{BD}})} - 450$$

FM was calculated with the following equation

$${FM} = \% F \times {Weight}/100$$

And LM was calculated with the following equation

$${LM} = {Weight} - {FM}$$

Electrical BIA {#section13-2050312119865126}
--------------

After 8 h of sleep and under fasting conditions, each subject was submitted to tetrapolar, 800 µA, and 50 kH BIA (Model 450; Biodynamics, Seattle, WA, USA). The electrodes were positioned on the ipsilateral surface of the wrist and ankle and on the distal line of the carpal and metacarpal bones of the dominant dimidium.^[@bibr19-2050312119865126]^ Three subjects were not submitted to the examination due to the presence of a pacemaker, a factor that contraindicates the examination, and one subject died before the test.

Deuterium oxide {#section14-2050312119865126}
---------------

For the assessment of body composition by the deuterium oxide method, the subjects were instructed to fast for an overnight period of 10--12 h. After the anthropometric measurements and BIA at the home of each volunteer, basal saliva (at least 1 mL) was collected. Next, the volunteer received a standard dose of 90 g of a 7% dilution of 99.9% deuterium oxide (Cambridge Isotope Laboratories, Inc., Tewksbury, MA, USA), followed by 50-mL natural water for complete deuterium intake and for mouth washing. A new saliva sample was collected 3 h after deuterium intake, and all samples were stored at −10°C until analysis.

In all, 20 out of the 24 subjects had saliva samples collected, since 4 subjects had scarce saliva and/or presented dementia syndromes that impeded saliva collection. Some subjects were not collaborative, and the help of caregivers was of fundamental importance. When the participant was unable to deliver saliva correctly into the flask, we placed a cotton bud in her oral cavity and, after it became saturated, we placed it inside a syringe and compressed it to expel the saliva into the tube.

Deuterium enrichment in the saliva samples was determined by isotope ratio mass spectrometer (ANCA 20-22; Sercon, Cheshire, UK) after equilibrium with 20% hydrogen by the platinum--aluminum catalyzer method.

Statistical analysis {#section15-2050312119865126}
--------------------

An exploratory analysis was first applied to the data using descriptive statistics (mean and median) and variability (standard deviation (SD)) with the aid of the SPSS 17.0.2 software.

Bland--Altman graphs for the determination of the distribution of body composition data obtained by the various methods and the Lin's coefficients for the assessment of agreement between the methods were constructed using the MedCal^®^ software, Version 9.1.10.1. The Lin's coefficient ranges from −1 to 1 and is used to assess the level of agreement between two measurements. Levels closer to 1 indicate better agreement between methods.

Results {#section16-2050312119865126}
=======

The study was conducted on 24 centenarian women with a mean age of 101.1 ± 2.0 years. Of the total, 25% were bedridden and only 37.5% had normal cognition. They had 3.7 ± 1.7 comorbidities, and the number of medications in use was 5.3 ± 3.5.

[Table 1](#table1-2050312119865126){ref-type="table"} presents the anthropometric data of the subjects. The BMI values were lower than 22 kg/m^2^ in 16 subjects (64%).

###### 

Anthropometric measurements applied to centenarian women (n = 22).

![](10.1177_2050312119865126-table1)

                             Mean    SD
  -------------------------- ------- -----
  Height (cm)                148.4   6.0
  Weight (kg)                46.4    9.8
  BMI (kg/m^2^)              21.2    5.0
  Arm circumference (cm)     22.3    2.7
  Waist circumference (cm)   79.0    7.5
  Hip circumference (cm)     90.0    6.0
  Calf circumference (cm)    28.6    2.3
  Biceps (mm)                7.2     3.6
  Triceps (mm)               10.1    3.7
  Subscapular (mm)           10.3    3.3
  Suprailiac (mm)            8.5     3.6
  Thigh (mm)                 17.5    8.0
  Phase angle (degree)       4.3     1.2
  Resistance (ohm)           728     111
  Reactance (ohm)            54      16

SD: standard deviation; BMI: body mass index.

All subjects had AC values lower than 29 cm and only 3 women (12.5%) had WC values of 86 cm or more. CC was less than 32 cm in 18 centenarians (90%). All subjects had a tricipital skinfold of less than 24 mm.

[Table 2](#table2-2050312119865126){ref-type="table"} presents the body composition data of the subjects obtained by the deuterium oxide method, BIA, and by the Jackson and Pollock^[@bibr16-2050312119865126]^ the Durnin and Womersley^[@bibr17-2050312119865126]^ equations.

###### 

Body composition of centenarian women (n = 20) determined by the deuterium oxide method, bioelectrical impedance, and by the Jackson and Pollock^[@bibr16-2050312119865126]^ and the Durnin and Womersley^[@bibr17-2050312119865126]^ equations.

![](10.1177_2050312119865126-table2)

            Deuterium   BIA   Durnin and Womersley   Jackson and Pollock                       
  --------- ----------- ----- ---------------------- --------------------- ------ ----- ------ -----
  LM (kg)   31.1        3.7   27.0                   5.9                   32.5   3.3   33.5   3.0
  LM (%)    69.5        8.5   57.5                   8.6                   72.3   4.2   74.8   7.0
  FM (kg)   14.0        4.8   20.2                   7.0                   12.6   3.1   12.0   4.3
  FM (%)    30.5        8.5   42.5                   8.6                   27.7   4.2   25.2   7.0

BIA: bioelectrical impedance analysis; SD: standard deviation; LM: lean mass; FM: fat mass.

[Figures 1](#fig1-2050312119865126){ref-type="fig"}[](#fig2-2050312119865126){ref-type="fig"}[](#fig3-2050312119865126){ref-type="fig"}[](#fig4-2050312119865126){ref-type="fig"}[](#fig5-2050312119865126){ref-type="fig"}--[6](#fig6-2050312119865126){ref-type="fig"} illustrate the distribution of the body composition parameters of the subjects according to the methods applied.

![Bland--Altman graph for lean mass (LM) determined by the deuterium oxide method and by bioelectrical impedance analysis (BIA).](10.1177_2050312119865126-fig1){#fig1-2050312119865126}

![Bland--Altman graph for fat mass (FM) determined by the deuterium oxide method and by bioelectrical impedance analysis (BIA).](10.1177_2050312119865126-fig2){#fig2-2050312119865126}

![Bland--Altman graph for lean mass (LM) determined by the deuterium oxide method and by the Durnin and Womersley equation.^[@bibr17-2050312119865126]^](10.1177_2050312119865126-fig3){#fig3-2050312119865126}

![Bland--Altman graph for fat mass (FM) determined by the deuterium oxide method and by the Durnin and Womersley equation.^[@bibr17-2050312119865126]^](10.1177_2050312119865126-fig4){#fig4-2050312119865126}

![Bland--Altman for lean mass (LM) determined by the deuterium oxide method and by the Jackson and Pollock equation.^[@bibr16-2050312119865126]^](10.1177_2050312119865126-fig5){#fig5-2050312119865126}

![Bland--Altman graph for fat mass (FM) determined by the deuterium oxide method and by the Jackson and Pollock equation.^[@bibr16-2050312119865126]^](10.1177_2050312119865126-fig6){#fig6-2050312119865126}

[Table 3](#table3-2050312119865126){ref-type="table"} shows that, when the various methods used were compared with the deuterium oxide method, there was better agreement for the determination of FM than for the determination of LM. For FM, agreement was better when using BIA, whereas for LM, agreement was better when using the Durnin and Womersley equation.^[@bibr17-2050312119865126]^

###### 

Agreement between the following methods for the assessment of body composition: deuterium oxide dilution, bioelectrical impedance, and anthropometry.

![](10.1177_2050312119865126-table3)

                                                                       Lin's coefficient   95% CI
  -------------------------------------------------------------------- ------------------- ------------
  FM deuterium × FM BIA                                                0.70                0.47--0.84
  LM deuterium × LM BIA                                                0.46                0.18--0.66
  FM deuterium × FM Jackson and Pollock^[@bibr16-2050312119865126]^    0.68                0.38--0.85
  LM deuterium × LM Jackson and Pollock^[@bibr16-2050312119865126]^    0.37                0.02--0.64
  FM deuterium × FM Durnin and Womersley^[@bibr17-2050312119865126]^   0.62                0.34--0.80
  LM deuterium × LM Durnin and Womersley^[@bibr17-2050312119865126]^   0.51                0.13--0.76

CI: confidence interval; FM: fat mass; BIA: bioelectrical impedance analysis; LM: lean mass.

Discussion {#section17-2050312119865126}
==========

Although the relevance of studying body composition in older individuals has been well demonstrated, few studies have analyzed the body composition of centenarians, with women representing the great majority of persons in this age range.^[@bibr20-2050312119865126]^

Stable isotopes, deuterium oxide in this case, have advantages and disadvantages. Among the advantages, there is a minimal risk to health even when it is used in newborns and pregnant women, high precision for the determination of body water, and the possibility of sample storage without tracer loss and reuse of the same sample for further analysis. Among the disadvantages are high cost, time-consuming sample preparation, complex analysis, and the impossibility of determining retention directly.^[@bibr21-2050312119865126]^

The results obtained follow the model of two-compartment body composition (LM and FM), which does not permit the assessment of body water distribution in different compartments or of BF distribution. For this reason, the method should not be applied to subjects with edema, decompensated heart failure, or other conditions involving changes in body water volume.^[@bibr22-2050312119865126]^

Studies have demonstrated that the determination of LM and FM by BIA may be affected by the nutritional status of older persons. Vilaça et al.^[@bibr22-2050312119865126]^ demonstrated that the agreement of body composition assessed by BIA with that assessed by DXA was worse in malnourished than in healthy subjects.^[@bibr23-2050312119865126]^ BIA tends to overestimate LM and to underestimate FM in malnourished older subjects.

In this study, we did not select the subjects according to their nutritional status, but most of them had low weight. When agreement between BIA and deuterium oxide was assessed, it was found to be better in the determination of FM than of LM. This agreement would possibly be greater if verified in healthier subjects.

The BIA method could not be applied to three subjects (9.7%) due to the presence of a heart pacemaker, and one subject died before the examination. The BIA method was of easy execution and comfortable for the centenarians, being practical, painless, and user-friendly. The single-frequency BIA method was chosen over the multifrequency BIA, because the latter is more expensive, although it is referred to be more accurate.^[@bibr24-2050312119865126]^ The objective of this work was to evaluate low-cost methods.

Skinfolds were also measured, for being the most frequently used method for the determination of BF due to its low cost and relatively simple use compared with other methods.^[@bibr22-2050312119865126]^ Although validated equations are available in Brazil, there is a predominant use of the Jackson and Pollock16 and the Durnin and Womersley17 equations.^[@bibr15-2050312119865126],[@bibr25-2050312119865126]^,^[@bibr26-2050312119865126]^ In a previous study, the specific and generalized Durnin and Womersley^[@bibr17-2050312119865126]^ equations underestimated BF percentage measured by hydrostatic weighing among subjects aged up to 72 years. We have no references of body composition equations for the centenarian population.

Among elderly women with a mean age of 70 years, FM percentage was about 40% when assessed by the deuterium, Jackson and Pollock,^[@bibr16-2050312119865126]^ and Durnin and Womersley^[@bibr17-2050312119865126]^ methods, as opposed to about 30% for the centenarian women studied here.^[@bibr27-2050312119865126]^ Thus, centenarian women seem to have a lower fat percentage than 70-year-old women.

In the same study,^[@bibr27-2050312119865126]^ the agreement between the deuterium and the anthropometric methods was better for FM, as observed in this study. However, the agreement between these methods in the measurement of FM seems to be better for non-centenarian older persons than for centenarians. This study demonstrated that the equations used showed moderate- to-strong agreement with the deuterium method, as also observed in studies conducted on distinct populations.^[@bibr28-2050312119865126]^

Many of the centenarians studied here had difficulty in locomotion and 25% of them were assessed on bed. So, the DXA assessment was not possible to use. The objective of the study was to use the most commonly used body composition tools in clinical practice, such as BIA, and compare it with deuterium oxide, which despite being a sophisticated technique, allows the collection of biological material anywhere.

Skinfold percentile tables are available^[@bibr15-2050312119865126]^ but they usually include values up to the age of 75 years, which would not serve as parameters for the present sample. Although this reference is old, it is still the most used in clinical practice to verify alterations of body composition by the anthropometry method. If we use the SABE table,^[@bibr12-2050312119865126]^ which includes Brazilian older people aged 86 years or above, the 50th percentile will be 18 cm, and all centenarians studied here had values below this. Based on these existing tables, we found that the measured skinfolds, such as the tricipital fold, were below the 50th percentile in all the women evaluated.

One limitation of this study was the small sample size. However, the study involved a representative sample of the centenarians (41.4%) residing in a medium-sized city with a total of 58 centenarians identified in the 2010 census.^[@bibr9-2050312119865126]^ The data we found may differ from those obtained in countries with a higher level of development; however, our main objective was to compare different methods of assessing body composition in the same centenarian individuals.

Concluding, when different methods for the assessment of body composition were applied to centenarian women, there was better agreement in the determination of FM than in the determination of LM. Bioimpedance had better agreement with the deuterium dilution method in the assessment of FM and the Durnin and Womersley equation^[@bibr17-2050312119865126]^ in the assessment of LM. Although further studies are needed for the development of more specific tools for the assessment of body composition in very old people, BIA and skinfolds may be used for the evaluation of FM and LM, respectively.
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